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Satu analysis unsur terhinggaslab komposit besi-konkrit tanpa sokongan dengan dek 
profil dibentangkan dalam kertas kerja ini. Pakej perisian FE, ABAQUS, digunakan 
untuk membangunkan model-model slab komposit. Model FE 3D terdiri daripada slab 
komposit biasa dan slab komposit diperkuat dengan cold-formed C-channel telah 
dibangunkan.  Disamping itu, pengaruh C-channel terhadap slab komposit dan panjang 
slab komposit telah dikaji. Model FE ini mengambil kira ciri-ciri ketidakmalaran bahan 
terkandung di dalam slab komposit dan ketidakmalaran bentuk. Selain itu, interaksi 
hubungan yang sesuai antara permukaan komponen telah diwujudkan dalam setiap model 
FE slab komposit. Teknik pemodelan yang digunakan untuk membangunkan model FE 
yang direka bagi slab komposit telah disahkan berdasarkan hasil ujian eksperimen yang 
berbeza. Data eksperimen diperolehi daripada program eksperimen ujian lenturan empat-
titik terhadap slab komposit dilakukan oleh Marimuthu et al. (2007). Hasil analisis FE 





A finite element (FE) analysis of steel-concrete composite slab with profiled deck is 
presented in this paper. A FE software package, of ABAQUS, was used to develop the 
models. 3D FE models of consists of normal composite slabs and composite slabs 
strengthened with cold formed C-channels were developed. Besides the influence of C-
channel, the influence of the composite slabs span also was investigated. The FE models 
considered materials and geometrical nonlinearities. Furthermore, appropriate contact 
interactions between components interfaces were assigned in the FE models of the 
composite slabs. The modelling techniques used to develop the proposed FE models of 
the composite slabs were verified based on disparate experimental test results. The 
disparate test results were obtained according to an experimental program on composite 
slabs under four-point bending test conducted by Marimuthu et al. (2007). Finite element 
analysis results demonstrated load-displacement curve of the composite slab. It is 
concluded that the composite slab showed significant improvement in strength by adding 
C-channel. 
v 
TABLE OF CONTENT 
DECLARATION 




TABLE OF CONTENT v 
LIST OF TABLES viii 
LIST OF FIGURES ix 
LIST OF SYMBOLS x 
LIST OF ABBREVIATIONS xi 
CHAPTER 1 INTRODUCTION 1 
1.1 Introduction 1 
1.2 Problem Statement 2 
1.3 Objectives 2 
1.4 Scope of Research 3 
1.5 Significant of Research 3 
CHAPTER 2 LITERATURE REVIEW 5 
2.1 Introduction 5 
2.2 Concrete 5 
2.3 Cold-formed Steel Deck 6 
2.4 Composite Slab 7 
vi 
2.4.1 Propped and Unpropped Composite Slab 8 
2.5 Finite Element Modelling and Analysis 8 
2.5.1 Verification and Validation of FE Model 9 
2.5.2 Abaqus Concrete Damaged Plasticity Model 10 
2.6 Previous Study 13 
CHAPTER 3 METHODOLOGY 15 
3.1 Introduction 15 
3.2 Finite Element Model 16 
3.3 Contact and Surfaces 17 
3.4 Material Properties 19 
3.4.1 Concrete Property Modelling 19 
3.4.2 Steel Property Modelling 20 
3.5 Boundary Condition and Load Application 21 
3.6 Verification of FE Modelling Technique 23 
3.7 Conclusion 24 
CHAPTER 4 RESULTS AND DISCUSSION 27 
4.1 Introduction 27 
4.2 Load-Displacement Response 27 
4.3 Maximum Bending Moment Resistance 31 
4.4 Conclusion 32 
CHAPTER 5 CONCLUSION 33 
5.1 Introduction 33 
5.2 Conclusion 33 
vii 





LIST OF TABLES 
Table 3.1 Details of composite slab specimens 17 
Table 3.2 Concrete material properties 20 
Table 3.3 Steel material properties 21 
Table 4.1 Summary of Load-Displacement response for specimen 
without C-channel  27 
Table 4.2 Summary of Load-Displacement response for specimen 
strengthen with C-channel 28 
Table 4.3 Bending moment resistance of all specimens 32 
ix 
LIST OF FIGURES 
Figure 2.1 Trapezoidal Profile and Re-entrant Profile 6 
Figure 2.2 Tension softening model of concrete (Qureshi & Lam, 2012) 11 
Figure 2.3 Stress-strain relation of concrete (Eurocode 2) 12 
Figure 2.4 Stress-strain curve of concrete under compression (Krätzig & 
Pölling, 2004) 13 
Figure 3.1 Research flow chart 15 
Figure 3.2 Complete Finite Element model of half-symmetry composite 
slab 16 
Figure 3.3 The position of bolts nodes in the Finite element model 17 
Figure 3.4 The master surface of interactions between steel deck and 
concrete slab 18 
Figure 3.5 The slave surface of interactions between steel deck and 
concrete slab 18 
Figure 3.6 Stress-strain relationship for concrete in compression and 
tension (Hind, Özakçab, & Ekmekyaparc, 2016) 20 
Figure 3.7 Stress-strain relationship of steel material 21 
Figure 3.8 Z-symmetry boundary conditions for the finite element model 23 
Figure 3.9 Location of Reference point (RP) for loading and support 23 
Figure 3.10 Schematic drawing of composite slab tested in Marimuthu et al. 
(2007) 24 
Figure 3.11 FE analysis of composite slabs 24 
Figure 3.12 Comparisons of internal energy (IE) and kinetic energy (KE) in 
the composite slab  25 
Figure 3.13 Load-Displacement curves of experimental and FE models for 
320 mm shear span 26 
Figure 4.1 Tensile damage of composite slab in FE analysis 28 
Figure 4.2 Load-Displacement curve of S1 and SC1 29 
Figure 4.3 Load-Displacement curve of S2 and SC2 30 




LIST OF SYMBOLS 
ft Tensile strength of concrete 
Wc Crack opening displacement at which stress can no longer be 
transferred 
σc Compressive stress in the concrete 







LIST OF ABBREVIATIONS 
FE Finite element 
ECC Engineered Cementitious Composite  
SCC Self-Consolidating Concrete  
RC Reinforced concrete 
GFRP Fibre reinforced polymer 
DP Drucker–Prager plasticity model 
CDPM Concrete damaged plasticity model  
CDP Concrete damaged plasticity  
RP Reference point  
U Displacement 
IE Internal energy  














Construction industry nowadays continuing developed to find new alternatives in 
increasing construction speed.  There are many modern buildings such as office building, 
residential and industrial buildings apply composite slabs as their floors substituting the 
conventional reinforced concrete slabs. Composite slabs are a combination of reinforced 
concrete slabs and profiled metal decking. This type of structure is widely used in 
construction industry because it has many advantages compared to the conventional 
reinforced concrete slabs. Composite slabs exhibits economical features and can reduce 
construction time efficiently. In addition, the structure is favourable in construction site 
since it is easy to handle due to the using of lightweight components and materials. The 
most important part is the profiled metal decking served as permanent formwork to the 
floor and also act as tension reinforcement (Gholamhoseini et al., 2014). It will support 
the construction loads and weight of the concrete before and after it has hardened. 
Generally, there are two types of composite slabs which are propped and unpropped 
during construction. 
In real practice, most of the composite slabs are propped during construction stage 
especially when the span of the composite slab is quite long. On the other hand, 
unpropped composite slabs are seldom used in steel-concrete composite structures in 
particular for long span. Perhaps, this situation is contributed by the difficulty to limit the 
deflection of the composite slabs during construction stage as stipulated in design codes 
such as Eurocode 0(EN1990). To increase the resistance of the composite slab and 
reducing the deflection of the composite slab in unpropped situation, this study proposes 
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a modified composite slab design where C-channels are bolted to the profiled steel deck. 
Therefore, this study is performed to investigate the response of the modified composite 
slabs and compared the results with conventional composite slabs i.e. without C-channel. 
1.2 Problem Statement 
The application of unpropped composite slabs in industry especially for steel-framed 
buildings become popular now as it promotes rapid construction (Glasle et al., 2005). 
However, it is only limit for short span composite slabs because most of the long span 
composite slabs are propped by temporary supports during construction. Perhaps, it is 
due to the risks and failures that may occur in the long span structure make it less 
favourable compared to short span slab. Unpropped composite slabs with long span 
resulting in large degree of deflection because lack of supports placed during 
construction. The possibility of the structure to fail may influenced by the lack of strength 
of profiled steel deck in carrying the wet concrete and construction load.  
Due to the risk of failure of long span unpropped composite slabs, it might be 
possible to increase the stiffness of the composite slab cross-section by adding C-
channels on top the rib of the profiled deck to increase the composite slabs flexural 
capacity. Therefore, this study investigates the behaviour of composite slabs strengthened 
with C-channel and evaluate the performance of the composite slabs. It is hope that this 
investigation could provide clear understanding on the unpropped composite slabs 
performance and their failures under flexural loading. Due to lack of experimental data, 
this study used FE software to perform this investigation where the FE models were 
verified against disparate experimental test results 
1.3 Objectives 
The objectives of this study are: 
i. To develop FE models of the steel-concrete composite slabs 
ii. To compare the response of composite slabs strengthen with 75mm cold form C-
Channel with conventional composite slabs 
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iii. To investigate the performance of unpropped composite slab with various span 
length 
1.4 Scope of Research 
The study focused on the finite element (FE) analysis of half symmetry composite 
slab under four-point bending test by using ABAQUS software. Three Dimensional 
models of composite slab with supports and loading set up were created. The components 
involved in the models namely concrete slab, steel deck, C-channel and roller bar. The 
FE modelling technique was verified based on FE model of experimental program 
conducted on composite slabs.  
Finite element analysis results demonstrated load-displacement curve of the 
composite slab. The load-displacement responses were observed to investigate the 
behaviour of the composite slab. Besides the influences of the composite span length to 
the performances of the composite slab also was studied. Half-symmetry of conventional 
and modified composite slab models with 1000 mm width and varying in span length 
were developed in the FE analysis.  
1.5 Significant of Research 
There were many previous research studies has been conducted that developed 
composite slabs with different types of concrete and its materials (Mohammed et al., 
2011; Mohammed, 2010; Hossain et al., 2019; Bashar, 2010). However, limited research 
has been done on developed new design of composite slabs with additional 
reinforcement. This study able to improve the understanding on the behaviour of 
composite slab strengthened with additional reinforcement namely C-channel. 
Long span unpropped composite slab more likely to fail due to the bending during 
construction compared to propped composite slab. The additional reinforcement is 
expected to enhance the flexural capacity and bending resistance of the composite slab. 
Unpropped composite slabs with better structural performances able to be developed in 
this study and able to promote its application in construction industry. The application of 
35 
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